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PROBLXM  or  DZrmDABILITr  or  SLGCrxXC  NOTOBS 


XoclBscr  I.  A.  TlihebBBko 


A  great  part  of  the  electric  aotora  pat  out  at  the  precent  tlae  do  not 
poaeees  eufflclent  operational  dependability.  They  arc  dCTeloped  with  a 
Tlew  to  the  BaxlBUB  reduction  of  expenditure  In  their  Baking,  but  not  with 
proper  conelderatlon  of  the  expenditure  In  their  operation.  Kleetrle  ao- 
tore  which  conrert  electrical  energy  Into  nechanlcal  energy  fora  the  aaia 
link  an  electric  drlre.  Therefore  the  problea  of  the  dependability  of  the 
BOtora  la  part  of  the  problea  of  the  dependability  of  the  electric  drive,  and 
Inveetlgatlon  of  nethods  of  lapnrlng  It  provea  to  be  a  taak  of  flrat  lapoiv 
tance. 

In  thla  article  we  conalder  the  prlnclplea  Involved  In  the  dealgnlag  of 
dependable  aotera  that  are  profitable  In  every  reapect  In  the  people* a  ao- 
clallat  cconoay. 

Hatheaatlcal  Concent  of  the  Dependability  of  Motora.  The  dependabil¬ 
ity  of  a  aecanlcal  device  or  any  part  of  It  la  deteralned  bf  the  probabil¬ 
ity  of  Ita  functioning  without  getting  out  of  order  during  the  couae  of  a 
given  tlae  with  deteralned  condltlona  of  appllcatlont 

A/=e"". 

where  E  la  the  dependability  (probability  of  faultleaa  working)  for  a  peiw 
lod  of  tlae  with  an  average  tlae  between  breakdowne  and  activity  a. 

The  dependability,  1.  e. .  the  probability  of  getting  out  of  order  will 

P—\  —  e  "  .  (2) 

The  concent  of  breakdown  la  conventional.  Tor  breakdown  la  action 
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OM  can  eensid tr  both  gottins  out  of  ordei^LtadlBC  to  steppag*  with  eccaoloa- 
al  (unforttoa)  daaaga  to  th«  ■•ehaalcal  dovica,  and  also  forcsd  prsatlpulatsd 
cssaatlon  of  Ita  worhlac  for  ths  earr/ing  out  of  repairs  aad  ndjustasets. 

A'opilcahls  to  Botors  as  charaetsrlstlc  breakdowns  one  can  considsr  all 
occasions  of  aajer  OTsrhaul  to  notors.  Indspendenii^  of  whether  the/  cobs 
froB  randOB  daaags  or  as  a  result  of  prestlpulated  plaansd  asasurss  directed 
towards  aTOiding  the  daaage  froB  randOB  stdppagee. 

The  dependabil itj  of  Botors  with  relation  to  their  being  put  under  BUjor 
OTsrhaul  can  be  called  dependability  with  relation  to  "Bajor*  breakdowns  la 
action.  Such  dependability  in  taking  into  consideration  only  part  of  the 
breakdowns  is  conrentional  or  partial  dependability  of  the  Bechiiaical  device. 
Dependability  where  one  takes  into  consideration  all  possible  breakdowns  in¬ 
cluding  regulation  required  stcppagee  for  prevendlng  randoa  breakdowns  (pre¬ 
ventative  inspections  and  current  cund  aoderate  repairs)  constitutes  cob- 
plete  or  (reneral  dspendability  of  a  aechaaical  device  or  industrial  aggregate. 

7or  obtainint  trustworthy  solutions  in  investigating  the  phenoBena  by 
Bethods  of  aathoBatlcal  statistics  it  is  necessary  that  the  statistical  data 
correspond  to  a  stated  problea.  In  this  case  with  a  sufficient  aaouat  of 
randoa  phenomena  aarked  deviations  will  be  net  with  very  seldoB,  and  the 
randOB  phenoBena  line  up  slnost  like  non-randoa  phenoaena. 

It  is  inpoeslble,  for  example,  unless  it  is  substantiated,  by  the  data 
froB  >%  nuaber  of  breakdowns  in  one  enterprise  to  Judge  of  the  dependability 
of  the  motors  in  the  whole  branch  of  the  industry,  or  bjr  the  data  of  one 
branch  to  Judge  of  the  dependability  of  the  aotors  in  the  people's  econo^f 
as  a  whols. 

The  greatest  pulling  out  of  motors  for  aajor  overhaul  is  in  construction 
work,  where  it  on  the  average  aaounte  to  about  50%  of  the  nuaber  installed 
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ptr  ptftr.  In  tb«  alalac  laduttrjr  the  pallia^  out  of  aotore  for  anjor 
overhaul  aaounte  to  3M.  la  aachlae  bulldlag  about  20%,  la  forroue  aetal» 
lurgr  !?<•  aad  la  the  chcntcal  Induatry  9%,  On  the  average  for  the  whole 
laduatry  of  the  USSB  It  aaounta  to  Id^per  year  (a  a  3  yeara). 

Subatltutlnc  t  s  a  s  5  yeara  la  tha  azpreaaloa  (1)  we  cett 

//  =r-'=0.37. 

Conaequently  the  dependability  of  the  action  of  the  aotora  la  the  la¬ 
duatry  of  the  USSB  related  to  the  ahjor  breahdowna  and  the  flve-^tar  period 
of  operation  at  the  preaent  tlae  aaounta  to  27%,  Md  the  dependability  to  62%, 

The  uaual  expreaalon  of  the  aeparate  aeaber  of  the  probability  dlatrl- 


butlon  of  Poleaon  £l 


a 


oan  be  uaed  In  connection  with  the  probleaa 


la  the  laveatlgatioa  of  the  dependability  of  aotora  by  the  aethod  of  aub- 
atltutlon  of  the  ratio  ^  for  the  aaihematlCHl  expectation  a. 


Xach  of  the  aaabera  of  the  finite  aerlea 


l*=r  •  + 


+T(-ir) 


■+t(v) 

•  _ 

e  "  -f"  •  •  •• 


»  _ » 


14) 


the  aua  of  which  la  equal  to  1  jrepreaanta  the  probability  of  the  eorreapoad- 
In^  nuaber  of  breakdowna.  The  flrat  aeaber  of  the  aerlea  {6)  repreaenta  tha 
probability  of  the  nuaber  of  braakdowna,  1.  a.,  the  dependability  of  the  de¬ 
vice;  the  aacond  aeaber  the  probability  of  one  breakdown;  the  third  aeaber 
the  probablll*.y  of  two  breakdowne,  etc.  By  analyzing  the  dependability  of 
aotora  la  aiduatty  with  the  aid  of  the  expreaalon  (4)  with  t  ■  a  •  5  yeara, 
1*1  aad  H  ■  0.37,  one  can  draw  the  conclualon  that  for  5  yeara  63%  of 
all  tha  aotora  Inatalled  In  Induatzy  are  pulled  out  for  aajor  overhaul, 
cknd  la  thla  noabar  37%  once,  18%  twice,  6%  three  tinea.  l^%  fear  felaeo, 

0,3%  five  tiaea,  etc.  The  full  nuaber  of  wlthdrawala  fnr  capital  over- 
hnnl  of  63  aotora  for  five  yeara  aaounta  to  100.  In  thla  here  aad  farther 


FrDuTT-63-35/1  e  2 


3 


oa  It  1»  aawuMd  that  tha  dapandabillt/  of  tha  aotora  rtpalrad  b/  th«  aaara 
OB  tho  aTt-radia  ia  not  leaa  than  that  of  tha  new  aotora. 

Lot  ua  eonaldar,  by  uainc  tha  axpratbloa  (4)  tha  probabilitjr  of  withdrawal 
for  major  orerhaul  of  aotora  Ib  tha  couraa  of  I960  (tax  /oar)  with  aa  av- 
tmg*  parlod  batwaan  tha  aajor  breakdowna  a  a  5  /aara. 

Of  l.OOr  aotora  producad  la  tha  couraa  of  a  yaar  not  Xaat  thaa  iOif  aro 
withdrawa  for  aajor  owarluuil,  of  thea  X6  twlca,  aad  oaa  thraa  tlaaa.  Up  ua> 
til  racaat  tlaoa  the  naaufaeturaa  gaar»ntaad  uaintarraptad  oparatlea  of  aotora 
darla£  tha  couraa  of  oaa  year.  If  tha  coaauaera  aada  uaa  of  thia  guaraataa 
tha  factorlaa  would  hawa  to  aupplaaaatarlly  for  awary  100  aotora  fbralah 
fraa  of  ebarga  to  the  conauaaro  twaaty  aora  aotora. 

Lot  ua  aaouaa  that  tha  aupplylag  factorlaa  conaldartbly  laprovad  tha  da> 
paadablllty  of  tha  aotora.  Let  ua  aaauae  that  tha  aajor  orerhaui  will  aaouat 
to  oaca  ia  25  yoHra.  Ia  thia  caaa  tha  dapeadabillty  of  tha  aotor  related 
to  the  guaraatae  period  t  s  1  year,  with  aa  arerage  time  between  major  braak<> 
dowaa  a  s  25  yaara,  would  be  equal  to  B  s  .  0.96.  With  aa  awaraga 

tlaa  batwaan  aajor  braakdowno  a  :  2.5  yaara  per  there  will  be  withdrawa  for 
aajor  OTorhaal  four  aotora. 

At  aaay  factoriea  of  tha  OSSB  there  are  lota  of  aotoro  tha  withdrawal 
of  tdtich  for  aajor  OTerhauX  during  5  to  10  yaara  doea  not  exceed  one  or  two 
for  aorarHl  handred.  Ibr  thaoa  aotora  the  aweraga  time  between  aajor  break* 
dowaa  goaa  aa  hi^  aa  1,000  aad  wore  yaara  (a  >  1,000  yeara).  Soae  aotora 
under  heae^  coaditioae  without  aay  aervieing  are  capable  of  faultleaa  operas 
tloa  up  to  5  yeara  ia  the  aealed  coaditioB.  The  depeadabllity  of  aueb  ao¬ 
tora  with  relatioB  to  aajor  breakdOwaa  for  a  yearly  period  of  operatioa 
(t  a  1  year)  tuna  out  to  be  H  :  O.999. 

Tor  ouch  aotora  a  one-year  or  throe-year  guarantee  of  faultleaa  oper^ 


U 
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ties  h%a  •clcntiflc  Beaaing  tlac*  the  prohablllt/  of  tbo  Mter'e  c*ttlBC 
out  of  order  durla«  the  /enr  aaountc  to  P<  0.001  or  leeo  thaa  1%, 

The  dependability  of  the  n^srosai*  of  the  industrial  article  repreeonte 
the  product  of  the  dependabilities  of  its  structural  asseisblles  aad  parto^ 

i5) 

where  —  Bq  is  the  dependability  of  the  assenblies  ^d  parte; 

(6) 


I 

'•w . 


is  the  aTeraga  tine  between  breakdowns  in  the  action  of  the  nth  asseB> 
bly  or  part  of  the  dewice. 

According  to  data  of  the  Ma^ltogorslc  Metallurgical  Coabine  (MMK)  the 
distribution  of  the  daaage  over  the  separate  units  of  the  constructioa  of 
tors  on  AC  is  as  follows;  winding  of  stator  9li;  winding  of  rotor  6.711; 
aechanlcal  damage  1.3^:  damage  to  bearings  111. 

These  statletleal  data  are  based  on  a  considerable  amoont  of  daaage 
and  therefore  can  be  accepted  for  inTeetlgation  as  tnistwortliy. 

Let  us  set  up  the  dependability  of  the  separate  constructive  units  of 
an  AC  Botor  in  accordance  with  the  MMB  data.  7or  this  purpose  we  will  nse 
the  expression  (^)t 


_ I _ 

H  =  e  "=e  "•< 


(7) 


Where  ^  sr.  03  mj  and  B4  «t_  are  the  average  tlaes  between 

breakdowns:  of  the  winding  of  the  stator,  winding  of  the  rotor,  aechanlcal 
units  of  the  construction  of  the  aotor,  ^d  units  of  bearings  of  the  aotor. 
By  substituting  the  values  obtained  ai— in  (7)  a*  got 


ff^i 


(?•) 


/,=  100 


m. 


Bence,  t,^  x  100  a. 

By  substituting  the  value  Bq  obtained  in  (6)  we  get  values  of  dspenda* 
bility  of  parts  and  units  of  tbs  construct inn  of  aotors  on  AC  with  relation 


rTD^T?-6>35/l  \  2 


5 


to  aajor  Ytro.Jcdowaa  la  accordoaco  with  tbo  NHE  data  (Table  1) 


Structural  unit  of  motor 

Dependability 
with  teas  1 

5  years 

Average  period  of  ser¬ 
vice  between  major  brak- 
downs,  years  ^ 

Stator  winding 

0.b05 

5.5 

Iptor  winding 

0.925 

74.5 

Kechanlcal  parts 

0.987 

374 

Bearings 

0.99 

-  ■  t 

500 

- - - - - 1  ,  - - 

Rational  construetloa  of  a  mechanical  derice  should  aasuro  cloao  to  ldoa> 


tlcal  dependability  of  the  parts  and  assemblies,  the  arera^e  time  of  fault¬ 
less  action  of  which  should  be  proportionally  greater  as  tho  nnaber  of  parts 
and  assemblies  Is  greater  and  also  the  required  time  for  faultless  woriclag. 

Let  us  set  up  in  accordance  with  the  data  the  dependability  of  an 
asynchronous  motor  with  a  shortclreult  rotor  with  relation  to  the  moderate 
and  major  overhauls,  talcing  into  consideration  also  the  breakdown  of  the 
thrust  antifriction  bearings  the  replacing  of  which  requires  the  carrying 
out  of  moderate  repairs  to  tho  motors.  Let  us  take  the  average  service  life 
of  the  thrust  anti^letion  bearings  to  be  7.5  thousand  hours,  '■nd  the  av¬ 
erage  nnaber  of  hours  of  the  motor's  being  connected  in  (number  of  hours 
of  working  of  the  bearings)  as  equal  to  1.5  thousand  hours  per  year.  Then 
the  average  time  between  breakdown  of  the  bearings  amounts  to  s  5  years. 


With  t  s  5  yoarsi 

Bence  H  s  s  0.136. 


0.405,  //,«e-*«r,^0,925; 
■0,987. 


(76) 


Consequently  the  Insufficient  average  service  life  of  the  thrust  anti¬ 


friction  bearings  and  the  dependability  of  the  stator  winding  sharply  re¬ 


duce  the  dependability  of  motors  with  relation  '0  the  moderate  and  major 
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OTtrhMilt.  for  a  period  of  5  7«ari  of  operation  of  lOO  aetors  the  prohahla 
wlthdrawHl  for  aajor  and  minor  repairs  would  he  06  aotore.  la  thla  anmher 
27  once,  27  twice,  17  three  tinea.  9  four  tinea,  6  flveUnea,  and  1  ala  times, 
aaountlnc  altoi;et>.er  to  200  breahdowna. 

If  the  dependability  of  the  atator  winding  related  to  5  /ears  of  oper¬ 
ation  (t  s  3  yeara)  la  raised  to  •  0.82  (m^  :  25  yeare),  and  the  serwlce 
life  of  the  thrust  antifriction  bearlnga  is  raised  to  30  tboueaad  boars 
(04  B  30  years,  1(4  s  0.78),  then  the  general  dependability  tf  the  asynchronous 
motor  with  a  shcrtclrcuit  rotor  related  to  5  yeare  of  operation  Is  raised  tot 
H  =  0.82  •  0.923  •  0.987  •  0.78  =  0.585. 

In  this  case  out  of  100  notors  with  a  shortclrcult  rotor  for  5  years 
of  opemtlon  there  would  be  withdrawn  for  najor  and  minor  repairs  61  notors 
with  53  breakdowns. 

Outlays  for  Reoai rs  and  Maintenance  ot,  Motors  The  author  has  at  bis 
disposal  data  on  major  orerhauls  of  motors  at  122  enterorlses  and  eODblnes. 

At  these  enterprises  there  are  Installed  237  thousand  motor  with  a  total  pow> 
er  of  about  6.35  million  kw.  from  this  lot  of  motors  there  were  withdrawn 
in  the  course  of  a  year  for  major  oyerhaul  42.706  motors  (Ibf  of  the  motors 
Installsd). 

At  some  enterprises  the  withdrawal  of  notors  for  major  oeerbanl  Is  coi^ 
sldsrably  higher  than  the  arerage  data.  Thus,  for  ezanpls.  at  a  large  alnlng- 
netallurgical  combine  the  withdrawal  of  motors  for  major  srerbsnl  la  1959 
amounted  t#  at  a  tire  factory  26.4^,  at  a  machlam-bulldlng  factory  31.49, 
at  an  elsetrlc-lamp  factory  41.69,  at  some  nedla».slssd  metallurgical  ]4*abs 
In  1958  429,  at  a  red-l«id-oxlde  factory- 43. 59,  and  at  the  factory  Strey- 
detal*  1039. 

from  an  analysis  of  the  data  It  follows  that  tbs  withdrawal  of  motors 
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Terroua  aetallurjy 

13 

0.6 

0.2 

2.0 

0.3 

0.3 

0.45 

0.9 

4.75 

Chemical 

9 

0.5 

0.4 

2.5 

0.1 

0.15 

1 

2 

6.65 

Mlalnc 

29 

0.8 

0.5 

1.2 

0.2 

1.6 

1.2 

2.4 

7.y 

Machine  building  and 

aatHl  working 

19 

1.2 

2 

0.5 

0.7 

0.7 

1.4 

2.0 

^3 

Slactrotechnlcal  and 

radlotechnlcal 

15 

2.5 

1 

0.5 

0.3 

0.3 

3.0 

6 

13.8 

Ll^t  Induatry 

12 

0.4 

0.6 

0.6 

0.2 

0.3 

4.8 

9.6 

16.5 

Food  prowl aloB 

24 

1.8 

0.6 

0.8 

0.9 

4 

8 

Building  aaterlale 

25 

1.2 

0.5 

1.2 

Hfl 

4.5 

9 

Conat ruction  work 

Sh 

2.4 

0.4 

1  0 

3.7 

7.4 

!wll 

Awerara  for  Indnatry 

■H 

HI 

and  conatruetloB 

20  ' 

1.2 

1.5 

1.3 

1.8 

3.6 

[10.2 

for  aiajor  OTorfckul  la  groator  1b  proportion  aa  the  nuabar  la  graatar  of  aaya* 
chronoua  notora  with  ahortclrcult  rotor  In  central  uae  aa  vali  aa  crana  aotcra 
and  in  proportion  aa  thalr  power  la  aaallar. 

Tba  ararage  power  of  iba  aotora  at  tba  122  entarprlaaa  under  conaldar*^ 
tloB  aanunted  to  26.8  kv,  whoraaa  the  aToraga  power  of  all  aotora  Inatallad 
In  the  irSSB  la  8.7  kw,  1.  e. .  one  third  aa  auch.  Therefore  the  /early  wltlw 
drawal  of  aotora  for  aajor  repair  In  the  USSR  ahould  be  18)1,  aa  la  the  caae 
at  the  122  enterjn-laea,  and  not  leea  than  20%  of  the  Inatalled  nukber  of  ao» 
torn,  and  not  leea  than  16%  of  the  Inatalled  power. 

At  20  enterpriaca  at  which  there  are  data  on  the  operatlone  of  157  tho«^ 
Band  aotora  dnrlnff  the  year  52,h9h  were  withdrawn  for  aederate  repalre.  The 
relkthe  maber  of  aotora  withdraw  for  aajor  nnd  leaaer  repalre  durlne  the 
year  anoonted  to  more  than  50%  (a  <  2  yeara).  The  dependability  of  the  aotor 
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with  rwlatlea  to  aojor  aad  aoderato  repairs  at  tbeae  esterprlaea  for  5  /ears 
HaouBted  tot  • 

irA/=r'’«o.o8(8»/j. 

Tor  5  years  the  yiunihor  of  mjor  Had  aioderate  braahdown*  for  each  aotor 
was  aiore  than  2.5* 

The  data  for  the  aeora^e  specific  expenditures  for  repairs,  nalntenaBca, 
and  loss  froB  steppage  of  motors  par  In#  of  installed  power  la  a  number  of 
branches  of  Industry  and  construction  in  accordance  with  the  data  of  120  ea- 
terprlssa  are  dieen  la  Table  2*. 

The  chaado  la  the  specific  expenditures  for  repairs  and  malatenaace 
of  motors  and  loss  from  stoppage  depends  on  the  dependability  of  the  motors, 
their  averade  power  (ia  a  dl^aa  brandi).  and  the  deslda  of  the  motors  (open 
or  protected),  as  well  as  the  relatlwe  number  of  more  dependable  DC  motors, 
the  relative  number  of  less  dependable  AC  motors,  crane  and  drneral-purpose 
motors  with  power  up  100  kw  and  the  especially  less  dependable  small  dimen¬ 
sions  of  these  motors,  the  load,  the  character  of  production,  and  the  condi- 
' tlons  of  operatioa. 

At  some  Isrde  enterprises  the  cost  of  repalre  of  motors  reaches  several 
millions  of  rubles  per  year.  Thus  at  one  minlnd^metallurdical  combine  the 
cost  of  major  and  moderate  overhauls  of  motors  in  1959  amounted  to  3.X3  ail- 
lion  rubles,  and  at  oae  aetallurdlcal  conbiae  the  cost  of  all  the  repairs 
equallsd  2  million  sublea. 

Tkoa  aa  analysia  of  the  data  ot  users  about  the  relative  aumber  of  dlee- 
trotechaleal  personnel  occupied  with  repairs  and  operatioa  of  motors,  it  fol¬ 
lows  that  ia  repair  and  operation  of  aotera  ia  industry  about  1,7%  of  the 
whole  force  is  occupied,  i.  e. ,  not  less  than  350  porsoao,  amoad  about 

•In  Table  2  and  froa  here  on  the  data  airo  fer  tbo  prlcos  of  1961. 
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10^  of  engluMriaff  workers.  Tho  lorcoooao  of  tho  nuaber  aad  th*  qualtfle«> 
tloa  of  this  poroonaol  li  ovldoacod  bj  tbe  data  of  the  AlloDnloa  coaaoo  of 
1959.  according  to  which  of  the  1.2ti9  thousand  lastallsrs,  elsctrlelaaot  and 
Insiectors  of  electrical  networks.  63.6#  had  laterBedlate  nnd  hif^er  educatloa. 

Inwestlgations  showed  that  th*  operational  personal  successfully  aseure 
faultless  operation  of  the  aotora  If  they  are  produced  wltn  the  proper  de'^ead* 
ability.  Only  In  a  few  branches  of  the  people's  econony — building  and  the 
bulldlng-naterlal  Industry—  Is  the  technical  lewel  of  the  operation  of  the 
electric  motors  clearly  not  up  to  par. 

Basic  Causes  of  Insufficient  Denendablllty  of  Motors  The  basic  reason 
for  the  frequent  getting  out  of  order  of  notors  In  the  people's  econony  turns 
out  to  be  Insufficient  design  dependability. 

SoBc  specialists  who  hare  dereloped  designs  of  notors  do  not  agree  with 
this.  However,  as  follows  fron  the  decisions  of  many  consul tatlons  and  eon* 
ferences  In  which  users  took  pari,  nany  designers  and  factory  producers  of 
notors  have  little  connection  with  the  operation  of  the  notors  developed  and 
manufactured  by  then. 

In  electrical  nachlae  nanufacturlng  as  In  machine  manufacturing  generally 
Increased  stress  on  the  active  parts  results  In  a  considerable  econony  of 
naterlals  la  producing  notors  and  lessens  their  cost,  but  when  It  passes  a 
certain  level  it  unavoidably  lowers  the  dependability  and  Increases  the  ten* 
dency  to  damage  and  cost  of  03)eratloa. 

Under  the  conditions  of  a  socialistic  people's  econony  reduelhg  expendl* 
ture  only  in  nanufacturlng  is  not  Justified.  The  created  design  should  guar¬ 
antee  the  nlninun  overall  outlay  covering  both  the  production  and  the  operation. 

The  designers  of  electric  notors  do  not  sufficiently  take  Into  consig- 
cratioa  the  practical  nodes  of  operating  notors,  which  are  considerably  dif- 
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ftrcat  froa  tbosa  vhlch  can  ba  artiflcalljr  created  In  the  laberaterlee  of 
electrotechnical  factorlee  and  Instltutee  in  the  reiearchln^  and  teetln^  of 
BOtere. 

Notora  under  the  ccndltlons  of  operation  na/  not  be  OTerloaded,  while 
the  cauoee  of  otrerloadlng  are  eery  nany.  They  are  the  aal functioning  of 
nechanlMa,  considerable  deelatlon  of  the  frequency  or  the  eolta^e  of  tho 
circuit  either  downward  or  upward,  the  thlcVenlnf  of  thi«  lubricant  of  nechan^ 
lass  la  cold  weather,  exceedli^  the  rated  temperature  in  the  surroundlac 
aedlna  In  certain  periods  of  the  year  and  day,  high  load  at  the  noaento  of 
especially  high  forcing  of  a  production  process,  local  shortclrcultlngs  of 
neighboring  sheets  of  active  steel  and  Increase  In  heating  of  the  active 
parts  at  these  places,  exceeding  the  rated  values  of  the  current  and  losses 
of  running  Idle  In  the  course  of  03)eratlon,  and  nany  others. 

In  designing  th^  parts  and  asseblles  of  motors  one  should  take  Into  cen> 
elderutlon  what  has  been  said  above.  Under  any  practical  circumstances  and 
general  aodes  of  working  there  cLould  be  assured  long-duration  operation 
with  a  alalauB  of  breakdowns  in  action  attributable  to  the  design  of  the 
BOtors.  Into  the  design  of  the  motors,  into  all  the  parts  and  assemblies 
there  should  be  "put"  fundamental  reserves  of  strength  as  Is  done  la  the  de¬ 
signing  of  the  parts  of  mechanical  devices  and  metallic  constructions.  Tor 
this  there  should  be  developed  a  "Theory  of  the  resistance  of  electrotech¬ 
nical  aaterlHlo,"  the  essence  of  which  should  bs  scientifically  and  practic¬ 
ally  based  reserves  of  strength  and  coefficients  of  dependability.* 

It  Is  necessary  on  the  basis  of  systematic  study  of  experience  in  oper¬ 
ation  of  developed  machines  to  differentiate  and  match  the  3>ermloslble 
stresses  and  reserves  of  strength  In  accordance  with  concrete  condltlono  of 
operation  and  production  of  motors  by  the  quality  of  the  original  materials 
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•ttataed  !#▼§!  of  toehaelo<7*  Thli  eoa  bo  ooturod  If  ayotoaotie  !»• 

TootlgHtloBo  of  tho  MorklBC  of  aotoro,  the  eolloction  of  tho  Boettaary  ota* 
tlotleal  data.  Had  tho  otudy  of  tho  eoBdltloao  of  oporatloo  aro  aado  aa  ti^ 
BCTiarablo  part  of  the  aetlTlty  of  doolgnlas  otaffa. 

a 

At  the  proooat  tlao  there  are  ao  grouade  torexcete  hnste  la  lotroduelaf 
Into  operatloB  uateeted  aaee>prodaced  aav  aotorB,  if  their  depeadabilitjr  haa 
not  been  Icprored.  One  ehould  bear  in  aind  the  relatlTeljr  inalgaificaat 
obtainable  econony  in  expenditure  at  the  factOrlae  la  the  eleetrotechaical 
ladustty  la  Introducing  new  eeriee  in  coaparleon  with  the  coaeiderable 
amount  of  work  and  aaterlel  iarolTed  in  repair  and  aalatenaace  and  tho 
great  loae  froa  etoppage  of  the  aotora. 

for  the  tine  being  it  ie  iaportaat  to  introduce  auch  aeriea-nade  aotora 
aa  aharply  iaproTo  the  dependability,  which  ahould  be  prcTiouely  prored  by  the 
eomputatioa  aethod  and  la  practice. 

Qualltj  of  Manufacture  and  Selection  of  Motor a  In  the  declaioae 

of  the  conaultat.loaa  ana  conferencea  the  conauaera  noted  the  anaatiafactory 
quality  in  the  aaaufacture  of  aotora. 

The  operational  peraonaal  at  the  huge  enterpriaea, before  putting  the  a^ 
tore  into  operation  at  the  tlae  of  repalro,  roaore  the  ahortcoalngo  and  de> 
facta  gradually  getting  the  aotora  into  a  conditioned  atate.  Troa  thla  tine 
on  the  aotora*  getting  out  of  order  dependa  very  little  on  the  quality  of  the 
aaimfacture  and  ia  deterained  only  by  the  otreaaea  on  the  active  parta  per> 
aitted  by  the  deaigaera,  and  oa  the  loads  pexaitted  by  the  ope rati oaalper> 
ooaael. 

Soae  deaigaera  and  factory  prodncera  eoBaider  that  the  uaaatiafaetoiy 
quality  ia  the  aaaufacture  aad  of  the  original  aateriala,  aa  well  %a  the  ua- 
aatlafaetory  level  of  the  technology  la  the  naaufaeturo,  along  with  alatakea 
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in  the  Mltctlon  of  aotoro  b/  tbo  ploanoro  of  orculootiono  luid  ■oeblno- 
bttilolac  foOtorioo  conotltuto  tbo  anln  cauoo  of  so  aiugr  aotoro  c*ttiac  oat 
of  order. 

A  study  of  data  froa  operations  does  not  Justify  one's  acreeinc  with  oaeb 
.H  one-sided  conclusion.  The  correct  selection  of  tbe  desica  (protected  or 
open),  the  bind  of  current  (AO  or  DC),  tbe  rate  of  revolution  (3,000  or  1,500— 
1,000  rpa).  &nd  claso  of  insulation  of  windin^o  (ordinary  or  beat-resistant ) 
at  tbe  present  tiae  are  of  grtat  significance.  One  sbould  attach  ssicb  im¬ 
portance  to  the  selection  of  aotors,  preferring  those  the  design  dependabil¬ 
ity  of  «diich  is  bi^cr. 

As  experience  shows  tbe  getting  out  of  order  and  the  dependability  of  tbe 
Tnrious  designs  and  constructions  to  a  great  extent  do  not  depend  on  tbe  da- 
sign  of  tbe  aotors  or  tbe  kind  of  insulation  of  the  windings,  but  is  deter- 
ained  aainly  by  the  relative  beat  stress  of  tbe  ac'iTs  parts,  i.  e. ,  by  the 
difference  between  the  actuaally  rated  level  of  beating  of  tbe  active  parts 
and  tbe  extreae  allowable  beating. 

Ixperience  shows  that  tbe  protected  AC  aotors  with  stator  winding  of  tbe 
insulated  class  A  with  frequent  lapregnation  of  tbe  windings  and  insignifi¬ 
cant  beating  of  the  windings  (for  oxaaple,  the  gtries  MKA  and  KXB  of  tbe 
Taroslav  Xlectroaecbanical  factory),  despite  long  years  of  operation,  prove 
to  be  satisfactorily  dependable,  while  the  cloned  aotors  with  silicon-organic 
insulation  and  heating  of  tbe  windings  above  IfO^C  are  less  dependabla. 

The  effect  of  the  heating  of  the  active  parts  is  especially  noticeable 
in  tbe  study  of  the  data  of  tbe  operation  of  tbe  structurally  coaplicated 
alsctric-aticbiae  aaplifiers  of  tbe  series  XMD  and  tbe  simplest  asynchronous 
motors  with  shortcircuited  rotor  of  the  single  series  A  which  aake  these 
aaplifiers  rotate.  Tbe  two  machines  have  identical  protection  design  and 
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IdMtlerii  ««ln41iic  wlr«  unA  fon  of  tho  frooTo.  Bowovor,  tb«  hootiaf  of 
tho  actlTo  p-ifts  of  the  aotere  io  conalderobl/  greater  tbaa  for  thoce  of 
the  eapllflfre.  Therefore  the  aapllflere  reraljr  got  oat  of  order,  but 
the  BOt'tre  ver/  often. 

It  le  iapooeible  to  explttia  the  great  naouat  of  getting  out  of  order 
In  the  cate  of  the  aerlee  aotora  aiaply  by  the  cefecto  ia  technology  .tad 
the  quality  of  the  original  aateriale  since  the  eaae  factoriee  produce  aore 
dependable  and  lose  dependable  aotora. 

Thus,  for  exaaple.  in  the  eaae  production  areas,  by  the  eaae  workaea 
there  were  prepared  Identical  actors  of  the  saae  power  of  the  series  IfTT 
and  MTIC7  (with  insulation  of  class  B)  and  aorios  KT  and  KTX  (with  insulatioa 
of  class  A).  Tbs  dependability  of  the  aotors  of  the  series  NTT  and  NTXT 
uadsr  equal  conditions  of  operation  was  hi^er  than  for  tho  aotors  of  ths 
ssrles  NT  and  NTK.  Ths  only  explanation  of  this  fact  is  ths  greater  etrese 
on  the  netlTe  parte  of  the  aotere  of  the  series  UK  aai  HT. 

The  quality  of  the  original  aaterialo— of  the  winding  wires,  of  the  ia- 
sulatlon  aateriale,  and  of  the  lerel  of  production  technology  should  be  coa> 
•tantly  iaprored,  eince  on  this  depends  the  dependability  of  the  aotors. 
Howsrer,  these  aeatures  will  not  giro  tho  doeirod  effect  ualese  thoro  ie  a 
reduction  of  the  etrose  on  tho  nctiro  pprts,  1.  o. ,  unless  tbsrs  is  an  la> 
crsats  in  the  reecrre  of  strength  ia  the  aotoro. 

Tho  loseee  of  electric  energy  in  aotors  brings  about  oupplentataiy 
loeoee  dependent  ea  then  in  the  circuits  for  local  aod  goaaral  ueo,  la  traaB«> 
foraore  at  eubetatioae,  and  for  oao'o  ewa  needs  of  claetric  statioao.  Tha 
aultiplicntor  factor  of  looses  ia  aotors  froa  supplsaoatsry  losses  of  en¬ 
ergy  In  power  eyeteae  on  the  arerage  ia  the  USSB  should  bo  taken  as  about 
equal  to  1.35,  and  ia  gsfurate  cases  where  there  is  considerabls  less  of 

14 
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«l«.:trlcAl  en«rar  In  clrcalt*  It  can  naount  to  1.5  or  sort. 

Tho  loaooa  In  notora  and  the  loaaas  dapandln^  on  than  In  pewor  a/atoaa 
la  conponaatod  ^  the  production  of  additional  alactrlcal  eaargr  at  tho  pewor 
atatlona.  Tb«y  ahould  bo  trananlttad.  conrarted,  and  dlatrlbutad  In  tho 
tranaalaalon  llnoa  '^itd  In  tho  clrculta  of  ^enor  J  and  local  uao.  For  co»> 
peanatln^  theao  loaaaa  tho  power  of  the  electrical  atatlona  -nd  fuel  ent^r- 
prlaea  eboold  he  Incro'ieed.  Correanondingly  there  ahould  be  Increaaco  In 
the  power  oyateBo  and  clrculta  Ibr  general  uae  by  conauaera.  Tho 

coobined  Bajor  outlaya  In  other  branchea  of  the  people' a  econoay  according 
to  lending  Indlcaa  of  the  deterolnatlon  of  the  economic  effeetlwoneae  of 
major  iavomtmonta  ahould  be  taken  Into  connlderatlon.  The  greater  the 
number  of  houre  of  uae  the  more  rational  the  Increase  In  the  efficiency  of 
the  Botora  will  be.  For  example.  In  Increaalng  the  efficiency  of  a  eynchrea* 
oue  Botor  with  a  power  of  10,000  kw  of  the  converter  unit  of  the  Bain  drives  of 
rolling  Bills  froa  96  to  9M  Its  coat  was  Increased,  but  not  by  aore  than 
If  times,  1.  e. ,  not  more  than  25  thousand  rubles.  The  expenditures,  how¬ 
ever,  for  equipaeat  at  the  electrical  atatlona,  power  aysteas,  nnd  fuel 
enterprleea  for  5,000  of  uae  were  lowered  by  02,9  thousand  rubles.  The 
exaaple  cited  shove  the  great  effectlveneas  of  Increasing  the  efficiency  of 
motor  e. 

The  higher  the  power  indices  of  the  aotora  the  leas  the  heating  losses 
In  then  will  be,  and  the  lower  under  stable  equal  conditions  the  level  in 
then  of  beat  etrese  on  active  parts.  The  lower  their  heating  the  greater 
their  dspendnblllty. 

The  fdllowlag  foraulatlon  of  the  rule  for  the  period  of  service  of  the 
Inaolation  of  the  winding  of  aotore  aa  dependa  on  the  heating  Is  knownt 
"With  Increase  (decrease}  In  the  heating  of  the  winding  for  each  0— lO^C 
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th«  period  of  oonrlco  of  tho  Inoalotioo  lo  doerooood  Unerootod)  ^  »  factor 

or  2.”  Tblo  rule  can  ozprooood  la  anothtr  lots  well  kaova  foraulatloat 

"Tho  period  of  laeuiatloa  of  the  viadla^o  lo  Inrcroel/  pronertloaal  approx> 

iBHtel/  to  a  fourth  of  a  degree  of  overheating  of  the  winding  above  the 

aeRln-iil  rated  tenperature  of  the  eurroundlng  nedlua.  * 

« 

The  reoulto  of  the  coaputatlono  in  the  application  of  these  foreulao 
are  approxlnately  Identical.  By  ualng  the  aocond  fomula  we 


where  T  it  the  period  of  service  of  the  Insulation; 
Tls  the  excess  of  heating  in  ^C. 


By  talcing  Into  consideration  that  the  excess  of  heating  of  the  aotors 


under  stable  equal  conditions  in  great  neasure  is  proportional  to  their 


power  losses,  we  flndt 


(9) 


In  Table  3  there  are  shown  averaged  data  for  the  change  In  the  period 


of  service  of  the  windings  of  the 
aotors  and  the  dependability  of 
the  windings  and  the  dependability 
of  the  AC  aotors  in  relation  to  aiw 
Jor  overhauls  with  an  increase 
above  \i7%  of  the  aean  weighted  ef¬ 
ficiency  of  the  aotors  working  in 
industry. 

Table  3  is  coapiles  la  accorA- 
aace  with  Tables  1  and  2  and  the  ex¬ 
pressions  (5)  and  (9).  The  data  in 
Table  3  are  approxlaate.  However. 
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th«y  Hr«  bastd  on  the  theoiy  of  probobllltjr  oad  Bothoaoticol  otatlotlco.  and 
aro  tboroforo  truotworthj* 

The  eoB'Mtod  coofflcloato  are  choioa  la  such  a  wtgr  as  net  allow  eat  to 
ozeoed  tho  cornpntod  data.  As  follows  froa  Tablo  3  ia  ralslas  tbs  aoaa  wolchtod 
offieisaejr  of  tho  aotors  fro*  87  to  91*  tho  specific  operational  outlays  for 
1  kw  of  powor  of  lastalled  aotors  apnrozlaateljr  should  be  lowered  from  10.2 
to  ^.0  rubles  and  la  raisins  the  efficiency  up  to  93*t  froa  10.2  to  2.5 
rubles. 

la  Table  4  there  are  shown  the  total  outlays  for  aalntenanee  aad  repairs 
and  also  the  nuaeroslty  of  the  personnel  serelclns  the  aotors  la  Industry  la 
the  USSB  la  1963  as  depends  on  the  lerel  of  efficiency  (dopondabllity)  of  tho 
aotors. 

Table  4  la  coaplled  In  aecord>  Tablo  4 

anco  with  the  data  of  Tables  2  and 
3.  la  It  It  Is  assuaed  that  la 
1965  the  power  of  aotors  Installed 
la  the  USSR  aaounted  to  165  all- 
lion  kw.  It  If  assuaed  that  the 
nuaber  of  personnel  occupied  la 
the  OTieratlon  and  repairlns  of  a»> 
tors  at  the  present  level  of  do-  j 
pendablllty  of  aotors  aaonnts  to  400 
proportion  to  the  Increase  la  all  workers  and  attendants  occuplsd  la  Industry. 
Besides  it  is  assuaed  that  the  outlays  for  repairs  and  less  froa  stoppafe  with 
the  dependability  of  aotors  correspoadiag  to  Tj^p  :  87*  iaeroases  proportional^ 
iy  to  tho  iastalled  powor  of  the  aotors.  It  is  eonsiasred  that  1/3  of  all 
outlays  for  tho  aaiatsaanee  of  aotors  does  not  depend  oa  their  dependability 


Mean  weighted 
efficiency  of 
aotors  In  in¬ 
dustry.  * 

Ruaerosity  of 
personnel  ser 
vicing  aotori 
In  Industry 
thousands  of 
persons 

■  ■■ 

Total  costs 
for  repairs 
andaaaiats- 
nanee  of  ao- 
tors  and  loss 
froa  stop^-^o 
of  notoro,  bil¬ 
lions  of  rubles 

H7 

400 

l.d 

w 

:*07 

I.IN 

1*9 

242 

O.Nt 

90 

195 

0.07 

91 

170 

0,57 

•12 

144 

0,45 

in 

128 

0,35 

thousand  persons,  i.  e. ,  ii~gr6ws 
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Tig.  2.  Curv*  of  the  oconoale  offoe- 
tlTo  iaproTOfflont  la  tbo  offlciaac/  of 
Tig.  1.  Capital  outlajra  and  outlajro  motora  la  laduatry  la  tha  USSR  la 

for  oparatloa  of  aotora  Morklag  la  1965  with  dlffaraat  conputed  perloda 

ladttatrr  (rafarrad  to  1961)  at  do>  for  tha  aupplenaatary  capital  outlajra 

panda  on  aaaa  walghtad  afflclaney.  to  pay  for  thcBoalTaa. 

but  2/3  art  proportional  to  tha  withdrawal  of  aotora  for  aajor  rapalra.  All 
tha  ramalnlng  axiiandlturet  and  loaa  froa  atoppaga  ara  takaa  aa  proportloaal  to 
the  withdrawal  of  aotora  for  aajor  rapalra. 

In  thla  way  the  Incrvaaad  powar  Indlcaa  not  only  lowar  the  expenditure  of 
alactrlcal  energy  and  the  outlayo  for  the  building  of  auppleaentary  power  of 
fuel  enterprlaea,  elec trio-power  atatlona,  and  energy  ayateaa.  but  alaultaa- 
aouaiy  Incraaae  the  dependablllt/  of  the  aotora. 

The  coablned  relatlonahlp  la  the  people 'a  economy  la  tha  USSR  betweea 
tha  coat  of  aotora  and  the  coat  of  eloetrle  powar  la  different  froa  tha  oaae 
ralatloaahlp  abroad.  In  the  USSR  the  coat  of  electric  powar  la  higher  than 
In  the  capltallatlc  couatrlaa  (oa  the  average  la  tha  USSR  one  kw-hr  aaouata  to 
1-~1.4  copack  and  la  the  USA  to  0.25—>0.27  copeck),  but  the  coat  of  aotora 
la  lean  (la  the  USSR  0.5^1.25  rublea/kg  and  la  the  USA  1.5->3>3  TaMee/kf. 
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IS 


Tbit  dlfftrtne*  it  aot  aceidtattl;  it  it  tettd  oa  tb*  jMculiarititt  of 
tbt  tocialittie  pteplt't  tcoBoaj  in  tbt  3>triod  of  ttoadjr  tloctrifieatioa 
with  itt  bi^  profitabloaata  nad  aatt  productloa  of  aetort*  ' 

Thtrofort  if  tbt  aoan  wolfbttd  tfflcitne/  of  aotert  of  UO— a9f  ia  toao 
at^turt  it  profltobl#  aadtr  tbt  eonditioat  of  tbt  USA  atiil  tbo  a*«a  wtisbtod 
•ff3citac7  of  aotort  of  about  U7%  ia  ao  aeaturt  corrttpoadt  to  tbt  ocoaoaic 
coaditioat  of  tbt  USSR. 

Ia  Tig.  1  tbort  art  tbowa  th«  rttulta  of  a  coeputaioa  battd  oa  tbt  atad 
for  contidtrabiy  iacrtitiag  the  tfficitacy  of  aotort.  Tbt  eurrtt  art  co^ 
pOMd  for  laatalltd  powtr  of  aotort  165  aillioa  kw,  i.  t. .  for  tbe  ia- 
dvttry  la  tbt  USSR  ia  1965 •  ^ad  la  accordaact  with  tbt  foxaulat 


’1^ 


Ul) 

vbtrt  A  aad  =  200  rubltt/kw  it  the  rtductioa  ia  outlayt  aad  ataa  tpteif» 
ic  eutlagpt  for  tbt  buildiae  of  tltctrio>powtr  ttatioao* 


trancBiaalon  liart,  aad  tltctrical  nttworkt  for  gtatral 
aad  local  not; 

h^  =  lt500  hr  and  h^  s  5*000  hr  art,  reaptctlTtlj,  tht  anabtr 
of  hoort  of  utt  ia  a  year  of  aotort  and  tltctrl^powtr 
ttatioat; 

fi-  1.35  it  tht  Bultiplicatioa  factor  of  tht  lotttt  ia  aotrt  and 
tltctrical  aytttat  andfor  oat' t  own  nttd  of  eltctrie- 
pewtr  atatioaat 

it  the  coet  of  tltctric  aotort  takiaf  into  accouat  the 
tzponditwot  for  tappltatatary  aajor  coattructloa; 

S  12  rabltt/kw  it  the  artraft  q>tcifie  eott  of  aotort  ia 


ia  1965  vitb  :  O.ti?. 
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fig.  J.  Corret  of  tho  opoelfle 
dlturto  of  wlro  uttrlalo  is  tho  1»> 
daotry  of  tho  uSSB  (in  nccordnneo  wittt 
tho  oqulvalcnt  of  copper)  for  1  kv  of 
power  of  aotore  belns  aanufactared,  ao 
oepende  on  their  aeon  weighted  effi* 
cienep.  'Jh*  expenditure  of  copper  ia 
neioret 


*■  IW  —  »7  I*  “  “  •fll* 


lilo) 


M  * 

where  =  2.5  kg/kw{ 

expenditures  of  copper  for  repairs t 
M  u  t  Ml* 

"p  “  WpojToffirgf:^]. 
where  z  1  kg/lc2; 

econotqr  of  copper  in  electric  o/eteao: 

(lie) 

idiero  a  :  4.0'; 


M  ••  +  M^  —  t.Mg  [At'HAmU,  (lid  ) 

The  expression  (li)  coaputeo  the  increase  in  the  cost  of  aotors  as 
doubled  for  each  subsequent  incre  ise  in  the  efficiency  by  una  decrease 
in  the  roquireaent  for  aanufactoring  aotors  by  5^  for  each  Increase  in  the 
efficiency  of  2%, 

The  decrease  ia  the  expenditure  for  the  building  of  fuel  enterprises  is 
deterained  by  the  femola 


where  aad  l^s  60  rubles/ t  is  the  decrease  ia  the  expenditure  and  aeaa 
spe  specific  outlays  for  the  building  of  fuel  enterprises, 

for  1  t  of  conventional  fuel; 
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3r  =  0.5  *  t/kM^hr  It  tlw  aT«rtc*  tptclflc  fxptt.dlturt  of 
eoBTeatioaal  fUtl. 

The  valuet  K9  and  are  takte  is  a. cordance  with  the  data  of  the  7-7ear 
plan  1959— 1965*  Tke  conre  Cp  4*  -t>  Cn  It  plotted  In  accordance  with  the 
data  of  Table  4. 

The  curvet  of  the  coaputed  ezpendituret  in  Pl^.  2  are  conpiited  b/ 
the  ferflula 

where  T  it  the  period  for  the  expenditure  to  pejr  for  itaelf. 

nie  curvet  cf  the  ezpediturei  for  wire  naterial  in  the  people* a  economy 
with  change  in  the  efficiencp  are  thown  in  Pig.  3*** 


*«7he  conclueicn  of  the  article  will  be  publiahed  in  the  following 
nuaber. 
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